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1	Introduction
In the Work Item (WI) on “Additional MTC enhancements for LTE” [1], one of the objectives is to specify the following improvement for machine-type communications for BL/CE UEs:
	Improved UL transmission efficiency and/or UE power consumption:
· [bookmark: _Hlk518637711][bookmark: _Hlk516687799][bookmark: _Hlk516765211]Specify support for transmission in preconfigured resources in idle and/or connected mode based on SC-FDMA waveform for UEs with a valid timing advance [RAN1, RAN2, RAN4]
· Both shared resources and dedicated resources can be discussed
· Note: This is limited to orthogonal (multi) access schemes



In RAN1 #95, the following agreements were reached [2]. 
	Agreement
For dedicated PUR in idle mode, the UE may skip UL transmissions.
· FFS: Resource release mechanism
· FFS: Whether or not to support mechanism to disable skipping by eNB
Agreement
The following evaluation parameters for CFS PUR link level simulation are agreed.


The evaluated proposals should be within the scope of the eMTC WI.
Agreement
If multi-TB grant is not enabled, a dedicated PUR allocation is associated to only a single TB and single HARQ process 
· FFS: if multi-TB grant is enabled/supported
	Agreement 
In idle mode, at least the following TA validation attributes are supported:
· Serving cell changes (serving cell refers the cell that the UE is camping on)
· Time Alignment Timer for idle mode 
· Serving cell RSRP changes (serving cell refers the cell that the UE is camping on)
· Based on RSRP measurement definition in existing Rel-15 TS36.214
Include in LS to RAN2, RAN4 to consider in their work.

Agreement
The UE can be configured to use at least these TA validation attributes:
· Time Alignment Timer for idle mode 
· Serving cell RSRP changes 
· Note: the configuration shall support disabling of the TA validation attributes
Include in LS to RAN2, RAN4
For further study:
TA validation attributes:
· Subscription based UE differentiation (or Stationary indication in held in subscription)
· Cell specific indication where TA is valid within that cell
Agreement
Include in LS to RAN2, RAN4:
RAN1 assumes that a UE transitioning from EDT/connected to idle mode can use the valid TA that was used while in EDT/connected mode. 
Agreement
For dedicated PUR in idle mode, UL grant for HARQ retransmission is transmitted in MPDCCH search space
· FFS: Details on the search space (for example USS, CSS)
Agreement
For dedicated PUR in idle mode, upon successful decoding by eNB of a PUR transmission, the UE can expect an explicit ACK 
FFS: if ACK is sent on MPDCCH (layer 1) and/or PDSCH (layer 2/3)
Include in LS to RAN2, RAN4.
Agreement
For dedicated PUR in idle mode, upon unsuccessful decoding by eNB of a PUR transmission, the UE can expect
· an UL GRANT for retransmission on the MPDCCH, or  
· FFS: a NACK, or
· FFS: no explicit ACK 
Include in LS to RAN2, RAN4.




[bookmark: _Hlk528365764]This contribution is intended to follow up on the support of transmissions in pre-configured UL resources (including simulation results), while keeping compliant with the agreements and maintaining the specs impacts and implementation complexity minimized.
[bookmark: _Ref178064866]2	Transmission on Pre-configured UL Resources (PUR) in IDLE mode
In RAN1 #94bis it was agreed that “In idle mode, dedicated PUR is supported”, letting for-further-study the support of shared PUR schemes, which according to the definitions applicable to this Work Item objective have been categorized as “CFS PUR” and “CBS PUR”. For performing transmissions over pre-configured UL resources there are many design aspects that must be sorted out (e.g., remaining TA details, PUR configuration {Resource allocation in time and frequency, TBS, periodicities matching the data traffic, MCS, others}, signalling involved in the PUR transmission, HARQ, etc). Resolving the above design aspects will allow us to have a ready to use Dedicated PUR providing signalling load reductions, power savings and a reduced latency, while for a shared scheme, in addition of resolving the above design aspects it will be needed to solve all the technical issues associated to the shared scheme itself (e.g., spatial domain, code domain related issues, new DMRS sequences, etc) to make it work in idle mode.
Thus, the subsections below focus on design aspects of the only scheme that has been agreed so far “In idle mode, dedicated PUR is supported” keeping the implementation and specification impacts minimized for RAN1 and other Working Groups, whereas the last section of this paper provides our view on the FFS for the support of shared schemes for PUR. 
2.1	Timing Advance
2.1.1	TA validation mechanisms
The support of transmissions on pre-configured UL resources in IDLE mode is tied to the condition of being in possession of a valid TA and guaranteeing that it is still valid by the time the transmission on pre-configured UL resources is to be performed.
Touching upon this aspect, in RAN1 #95 it was confirmed the support of three TA validation mechanisms: “Serving cell changes”, “Time Alignment Timer for idle mode”, and “Serving cell RSRP changes”, being the last two mechanisms configurable to the UE.
2.1.1.1 Combining TA validation mechanisms
From the supported TA validation mechanisms, the “Serving cell changes” governs the other two because if the serving cell has changed the uplink transmit timing must be referenced to the new serving cell (and most likely the PUR configuration won’t be valid any longer). However, there may be a situation where a UE could remain served by the same cell, while its associated “Time Alignment Timer for idle mode” keeps going, but at some point the “Serving cell RSRP changes” might indicate that the TA validation criterion is no longer fulfilled, in which case only two out of three TA validation mechanism remain valid and it is unclear how to proceed. Thus, it needs to be clarified whether the TA should be declared as invalid as soon as any of the TA validation mechanisms being used result in a validation criterion that is no longer met. 
[bookmark: _Toc1155063]When more than one TA validation mechanism is being used, it needs to be clarified whether the TA should be declared as invalid as soon as any of the TA validation mechanisms result in a validation criterion that is no longer met.
[bookmark: _Toc1155976]The TA is declared as invalid, if any of the TA validation mechanisms being used result in a validation criterion that is no longer met.
2.1.1.2 TA validation test passed versus not passed
As part of the TA discussions, it needs to be clarified what happens when the TA validation mechanism test is passed and when it is not passed.
· TA validation test is PASSED: In this case, the TA is considered as valid, and the UE can proceed to transmit on the pre-configured UL resources that were signaled via RRC before transitioning to idle-mode.

· TA validation test is NOT PASSED: In this case the TA is not valid, hence it needs to be updated, and there are two possible situations that need to be considered: 

· [bookmark: _Hlk531172715][bookmark: _Hlk1141838]The TA validation test is no longer met and there is data to be transmitted: This is the case when data has arrived to the UE’s buffer, which triggers the action of testing the TA validity before proceeding to transmit data over PUR. If the TA validation test has failed, then PUR shall not be used and a fallback to either Rel-13/Rel-14 random access procedures or Rel-15 EDT (if both the eNB and UE supports EDT) should be performed for transmitting the UL data. In this case the pre-configured UL resources would be retrieved by the network, which will let more pre-configured UL resources available for the UEs that can actually fulfil the criteria of having a valid TA for transmitting fast and with less signaling overhead over PUR.

Alternatively, it has been mentioned that if the TA validation test has failed, the UE may transmit Msg1 to receive an updated TA via Msg2. However, even if a light version of Msg2 (e.g., carrying only TA) were transmitted, the signaling overhead would be comparable with the one of EDT. In the end, the latency and required signaling for acquiring a new TA reduces the benefits of using PUR. Moreover, when a TA validation test has failed it may be due that the UE has moved to a different coverage level or it has changed cell, and in that case updating only the TA is not sufficient.

· The TA validation test is no longer met and there is no data to be transmitted: This is the case when no data has arrived yet to the UE’s buffer, however a TA validation test has failed (e.g., the “Time Alignment Timer for idle mode” has expired). When this happens, if there is an immediate attempt to update the TA a signaling exchange would be triggered, the problem is that the TA validation test may be invalid again (and again) without having had the need of transmitting UL data, the result is that the accumulated overhead would be significant and with no use. Hence, even if a TA validation test has failed it is better wait until there is a need for transmitting data to perform a fallback to legacy RACH/EDT and update the TA.

[bookmark: _Toc1155064]When a TA validation test has failed and there is data to be transmitted, RAN1 has discussed two possibilities: 1.- Performing a fallback to either Rel-13/Rel-14 random access procedures or Rel-15 EDT, or 2.- the UE may transmit Msg1 to receive an updated TA via Msg2. However, even if a light version of Msg2 (e.g., carrying only TA) were transmitted, the signaling overhead would be comparable with the one of EDT.
[bookmark: _Toc1155977]When TA is invalidated and there is data to be transmitted, either Rel-13/Rel-14 random access procedures or Rel-15 EDT  is used, and the pre-configured uplink resources are retrieved by the network.
[bookmark: _Toc1155065]When TA is invalidated and there is NO data to be transmitted, an immediate attempt to update the TA would trigger a signaling exchange,  however the TA validation test may be invalid again (and again) without having had yet the need of transmitting UL data, the accumulated overhead would be significant and with no use. Thus, even if a TA validation test has failed it is better wait until there is a need for transmitting data to perform a fallback to legacy RACH/EDT.
[bookmark: _Toc1155978]When TA is invalidated and there is no data to be transmitted, the UE waits until there is data to be transmitted to perform a fall-back to legacy RACH/EDT to transmit the UL data and update the TA.

2.1.2	Additional TA validation mechanisms
As mentioned earlier, in RAN1 #95 it has been confirmed the support of three TA validation mechanisms (i.e., “Serving cell changes”, “Time Alignment Timer for idle mode”, and “Serving cell RSRP changes”). However, other TA validation mechanisms have not been discarded. The TA validation mechanisms that remain listed under FFS are “Subscription based UE differentiation (or Stationary indication in held in subscription)” and “Cell specific indication where TA is valid within that cell”.
· [bookmark: _Hlk1146550]Stationary indication-based TA validation mechanism: The “Subscription Based UE differentiation” contains a “stationary indicator” [3-4], which can be used for identifying the devices that in principle can keep their TA “indefinitely” unchanged since they are motionless. The “Stationary indication” may be useful for PUR, thus it should be supported to make use of it when the network happens to support “Subscription based UE differentiation” (i.e., “Subscription based UE differentiation” is not a requisite for supporting PUR).

· Cell specific indication-based TA validation mechanism: If the cell radius is about the tolerance offered by the CP length, then the UE could even move within the cell radius and the TA it possess would still be valid. This allows using PUR with moving devices, we just need to inform the that it is in a cell (e.g., small cell) where the TA can always be considered as valid. During RAN1 #95, some companies mentioned that a “Cell specific indication where TA is valid within that cell” can be achieved by including the value of “Infinity” into the set of configurable values of other TA validation mechanisms (e.g., “Time Alignment Timer for idle mode” or the “Serving cell RSRP changes”). However, the main disadvantage is that if the “Cell specific indication where TA is valid within that cell” were coupled to a TA validation mechanism that was not configured, then we would be losing not only one but two TA validation mechanisms at the same time. Moreover, there is no agreement and no guarantee that the value of “infinity” is going to be included as part of the set of values used by other TA validation mechanisms.

[image: ] 
Figure 1: Cell-radius based TA validation mechanism

[bookmark: _Toc1155066]During RAN1 #95, some companies mentioned that a “Cell specific indication where TA is valid within that cell” can be achieved by including the value of “Infinity” into the set of configurable values of other TA validation mechanisms. However, if it were coupled to a TA validation mechanism that was not configured, then we would be losing not only one but two TA validation mechanisms at the same time. Moreover, there is no agreement and no guarantee that the value of “infinity” is going to be included as part of the set of values used by other TA validation mechanisms.
[bookmark: _Toc1155979]The “stationary indication” is supported for making use of it when the network happens to support “Subscription based UE differentiation” (i.e., “Subscription based UE differentiation” is not a requisite for supporting PUR)
[bookmark: _Toc1155980]The “Cell specific indication where TA is valid within that cell” is supported by signalling to the UE that the TA can always be considered as valid.
2.2	Dedicated PUR in IDLE mode
The definition of “Dedicate PUR” applicable for this Work Item objective was described as follows:
	 Dedicated preconfigured UL resource is defined as an PUSCH resource used by a single UE 
-	PUSCH resource is time-frequency resource
-	Dedicated PUR is contention-free



RAN1 has agreed that “In idle mode, dedicated PUR is supported”. The following agreements reached until now constitute its overall basis:
· “Pre-configured UL resources for transmission of data are indicated by RRC signaling. At least UE-specific RRC signaling is supported”
· “For transmission in preconfigured UL resources, an RRC idle UE may use the latest TA that passed the validation criteria”
· “RAN1 assumes that a UE transitioning from EDT/connected to idle mode can use the valid TA that was used while in EDT/connected mode”

The basis of the dedicated PUR framework until RAN1 #95 is depicted in Figure 2.
[image: ] Figure 2: Basis of the Dedicated PUR framework in IDLE mode until RAN1 #95
To put the progress of the dedicated PUR’s framework into context, the figure above permits to visualize the agreements within the RRC state diagram. What has been completed until RAN1 #95 can be summarized as follows:
· The legacy connection establishment is followed until the UE is in RRC-connected state. This holds even for EDT, since before EDT can be used for very first time it has to go through the legacy connection establishment (i.e., EDT had to be in connect mode at least once before using the User Plane solution to resume the suspended data bearers for Msg3 transmission). 

· In RRC-connected state, the UE can obtain the PUR configuration via UE-specific RRC signaling (including the latest TA).

· Then, when the UE is back to RRC-idle state, the UE can transmit on the pre-configured uplink resources if the latest TA it acquired passed the validation criteria, where the validation mechanism can be either “Serving cell changes”, “Time Alignment Timer for idle mode”, “Serving cell RSRP changes”, or a combination of them (FFS others, see section 2.1.2).

The next step in the dedicated PUR framework is to clarify how the actual dedicated PUR transmission in idle mode is to be performed, which can be based on an EDT-like transmission skipping Msg1 and Msg2 to reduce the signalling overhead, provide power savings, and a reduced latency. Using an EDT-like transmission skipping Msg1 and Msg2 would help to minimize the impact in RAN1 and other Working Groups (e.g., the EDT security aspects could be inherited, which are aspects that need to be studied in RAN2).
[bookmark: _Toc1155067]It needs to be clarified how the actual dedicated PUR transmission in idle mode is to be performed, which can be based on a Rel-15 EDT-like transmission skipping Msg1 and Msg2 to reduce the signalling overhead, provide power savings, and a reduced latency.
[bookmark: _Toc1155981]After passing the TA validation criteria, the UE transmits on dedicated pre-configured UL resources using an EDT-like transmission skipping Msg1 and Msg2 (i.e., the dedicated PUR transmission is performed directly on “Msg3”).
2.2.1	Resource configuration for Dedicated PUR in IDLE mode
As part of the agreements reached in RAN1 #94bis, in terms of “resource configuration” the following has been agreed:
	Agreement
The resource configuration includes at least the following 
· Time domain resources including periodicity(s) 
· Frequency domain resources
· TBS(s)/MCS(s)




In RAN1 #95, it was no follow-up agreement on this aspect. However, it is fundamental for the feature assessing how will the network know what to configure (e.g., Time domain resources including periodicity(s), Frequency domain resources, TBS(s)/MCS(s)) for a given UE. This can be possibly done by using UE differentiation information, some sort of machine learning approach, or based on information provided by the UE (i.e., a UE’s PUR allocation request).
· The ‘subscription-based UE differentiation info’ can be used by the network to allocate PUR radio resources relying on the on subscription info provided by the operator. 
· A Machine learning algorithm (e.g., proprietary solution) could be used by the network to develop history-based knowledge that may be used by the network to allocate PUR resources in subsequent occasions. 
· A UE’s PUR allocation request where the network obtained through for example an RRC message a suggestion from the UE on what would be a suitable PUR configuration.

[bookmark: _Hlk536790398]As described above, there are different sources that can be used by the network for determining a PUR configuration, and it is no appropriate to say that the information from one source is more reliable than some other one. Hence, it shouldn’t be specified a particular way in which the network should get the information for configuring PUR, and rather the source of information (either UE-originated, Operator-originated) should be optional for letting up to the network use and combine the sources of information it has available (even combined with a proprietary solution) to determine a proper PUR configuration.

[bookmark: _Toc1155068]One fundamental aspect for PUR is assessing how will the network know what to configure for a given UE. This can be possibly done by using UE differentiation information, some sort of machine learning approach, or based on information provided by the UE (i.e., a UE’s PUR allocation request), and it is not appropriate to say that the information from one source is more reliable than some other one (e.g., UE over operator, or vice versa).
[bookmark: _Toc1155069]The network uses and possibly combines the sources of information it has available (even combined with a proprietary solution) to determine a proper PUR configuration. The sources of information (either UE differentiation information, UE’s PUR allocation request) are optionally configurable.
2.2.1.1	Time-Frequency domain resources
Dedicated PUR is in principle intended to assess deterministic transmissions, that is a data transmission occupying a number of subframes followed by inactivity encompassing normally a larger number of subframes until next period is reached to start over. In other words, a transmission over pre-configured uplink resources is essentially composed of a “PUR duty cycle or PUR transmission length” and “PUR period” as depicted in figure 3.
[image: ]
Figure 3 Example of a PUR duty cycle and a PUR period.
The “PUR duty cycle/PUR transmission duration” and the “PUR period” mainly depend on the data traffic characteristic and the coverage location of the device. For example, a device that transmits every six hours, which due to its coverage conditions requires performing 32 repetitions, will have a “PUR duty cycle/PUR transmission length” encompassing the total number of subframes conforming the 32 repetitions (i.e., accounting if any for the number of allocated RUs, RU lengths, and number of repetitions), while the “PUR period” will encompass the number of subframes associated to the device’s periodicity (e.g., a device periodicity of six hours encompasses 21600000 subframes).
In terms of the frequency domain, we can make use of the sub-PRB allocation to increase the PUR’s capacity by creating as many “time-frequency resources” as number of sub-allocations are supported within a PRB, which is shown through an example in Figure 4.
[image: ]
Figure 4 Example of the usage of the “time-frequency resources” for PUR.
In the example depicted in Figure 4, for each allocation consisting of 3 subcarriers, UEs having the same periodicities have been grouped. Mixing periodicities may be possible, as long as the “PUR periodicities” are multiples of each other (e.g., “PUR periodicities” can be defined as a factor of powers of 2). Multiplexing UEs over PUR having UL transmissions with same or different durations, and same or different transmission periodicities are illustrated in Annex 1. 
[bookmark: _Hlk528858014]In the time-domain, granting resources for PUR using long periodicities might not be that straight forward for the system’s baseline, for example a device periodicity might be four hours long, however the Hyper Frame Number (HFN) lasts only for 2.91hours (i.e., 10485760 subframes). In addition, it has to be considered that the “PUR period” should not be too long as to avoid that the signalling overhead reduction gains will vanish, and at the same time the “PUR period” should not be too short as to avoid that transmissions occurring too often block other UEs. Having said so, the minimum and maximum “PUR period” needs to be carefully chosen perhaps encompassing seconds, minutes and days (or even only minutes and days). For fulfilling this purpose, re-using the LTE’s fundamental counters (i.e., Subframe Number, SFN and HFN) for defining a “PUR period” should be considered. For example, when a UE has the need of transmitting once every 4hours, the UE can be informed as part of the Scheduling information that it has been granted with a “PUR period” = 1406 HFN + 256 SFN+ 0 subframes (i.e., 4hours), whereas a configurable parameter can also be used to indicate how many of those periods have been granted, in this case if such a parameter were set to “1” it would mean one transmission in one period of four hours (this has been named by RAN2 as “single-shot” transmission [5]), while if the variable  would have been set to “2” it would mean that there will be two periods of four hours with one transmission each (i.e., two shots in total).
[bookmark: _Toc1155070]The “PUR period” should not be too long as to avoid that the signalling overhead reduction gains will vanish, and at the same time the “PUR period” should not be too short as to avoid that transmissions occurring too often block other UEs. The “PUR period” needs to be carefully chosen perhaps encompassing seconds, minutes and days (or even only minutes and days).
[bookmark: _Toc1155982]A transmission over PUR is composed of a “PUR duty cycle” (effective UL Transmission on PUR) and a “PUR period” (effective UL Transmission on PUR + inactivity on PUR). 
· [bookmark: _Toc1155983]The “PUR duty cycle/PUR transmission duration” accounts for the number of allocated RUs, RU lengths, and repetitions.
· [bookmark: _Toc1155984]The “PUR period” configuration is composed of two elements:
· [bookmark: _Toc1155985]A configurable variable used to indicate the “number of granted PUR periods” (i.e., it indicates the total number of transmission shots)
· [bookmark: _Toc1155986]A “PUR period duration” determined by reusing the fundamental LTE counters (i.e., Subframe Number, SFN and HFN) as well as a power of two factor for the purpose of multiplexing UE with no overlapping.

Touching upon the time-frequency domain resources occupied by an UL transmission over PUR, in RAN1 #95 the following was agreed:
	Agreement
For dedicated PUR in idle mode, the UE may skip UL transmissions.
· FFS: Resource release mechanism
· FFS: Whether or not to support mechanism to disable skipping by eNB



In order to prevent a potential waste of resources, a “PUR retrieve resource timer/counter” can be considered  to configure the number of “PUR periods” with no activity upon which the PUR resources will be retrieved by the network. Once the configured limit is reached, the PUR resources are retrieved by the network so they can be used by other UEs. On the FFS on “Whether or not to support a mechanism to disable skipping by eNB”, a value equal to one can be included among the configurable values for the “PUR retrieve resource timer/counter” as to enable the possibility of retrieving the resources upon observing that one UL transmission was skipped. The upper limit for the allowed number of skipped transmissions should be rather low (e.g., <= 8) as to prevent resource wasting.
[bookmark: _Toc1155071]For PUR, the UE may skip the UL transmissions. On this matter, for preventing a potential waste of resources, a “PUR retrieve resource timer/counter” can be considered to configure the number of “PUR periods” with no activity upon which the PUR resources will be retrieved by the network. A value equal to one will retrieve the resources upon observing that one UL transmission was skipped. The upper limit for the allowed number of skipped transmissions should be rather low (e.g., <= 8) as to prevent resource wasting. These aspects are required to be studied in RAN2, and any view RAN1 may have needs to be confirmed by RAN2.
[bookmark: _Toc1155987]Introduce a “PUR retrieve resource timer/counter” to configure the number of “PUR periods” with no activity upon which the PUR resources will be retrieved (the configurable values include one, and a rather low upper limit).
2.2.1.2	TBS(s)/MCS(s) and DMRS
To get most out of a dedicated PUR, sub-PRB can be used to make a more efficient usage of the “time-frequency” resource, not only in terms of achieving an increased capacity, but also in terms of facilitating things to the PUR scheduler (e.g., making possible if needed grouping UEs having same periodicities per “time-frequency” resource). Hence, dedicated PUR can support the same or a subset of TBS(s) and MCS(s), as defined for sub-PRB including the DMRS(s) applicable for each supported subcarrier allocation.
[bookmark: _Toc1155988]Dedicated PUR supports the same or a subset of the TBS(s) and MCS(s) and the same DMRS(s) as defined for sub-PRB.
2.2.2	Handling of regular and irregular data traffic with Dedicated PUR
As mentioned earlier, Dedicated PUR is in principle intended to assess deterministic data transmissions. However, a Dedicate PUR scheme may also deal with irregular data traffic, in which case a predefined PUR configuration (“PUR duty cycle”, “PUR period”, TBS, MCS, etc) would be used for the first transmission only, while subsequent transmissions would be performed on a per request basis which may use the same PUR resource configuration as before or a different one (e.g., different “PUR duty cycle”, “PUR period”, TBS, MCS, etc).
Thus, the PUR configuration for Dedicated PUR can then have two variants:
o	Re-occurring resource: Used to deal with deterministic data traffic, where the same PUR resource configuration (i.e., same “PUR duty cycle”, “PUR period”, TBS, MCS, etc) is used recurrently.
[bookmark: _Hlk1146912]o	Request per data transmission (one-shot PUR): Used to deal with both regular and irregular data traffic, where the first transmission makes use of a predefined PUR configuration, and subsequent transmissions on a per request basis may use the same PUR resource configuration or a different one (e.g., different “PUR duty cycle”, “PUR period”, TBS, MCS, etc) 
[bookmark: _Toc1155989]Dedicated PUR supports a re-occurring PUR configuration for deterministic data traffic, and a request per transmission (one-shot PUR) for both regular and irregular data traffic.
· [bookmark: _Toc1155990]Re-occurring resource: The same PUR resource configuration (i.e., same “PUR duty cycle”, “PUR period”, TBS, MCS, etc) is used recurrently.
· [bookmark: _Toc1155991]Request per data transmission (one-shot PUR): The first transmission makes use of a predefined PUR configuration, and subsequent transmissions may use the same or a different PUR resource configuration (e.g., different “PUR duty cycle”, “PUR period”, TBS, MCS, etc).
2.2.3	HARQ for Dedicated PUR
In RAN1 #95, several agreements in terms of HARQ were reached. In this section we assess them one-by-one aiming at providing a follow-up for each of them.
	Agreement
If multi-TB grant is not enabled, a dedicated PUR allocation is associated to only a single TB and single HARQ process 
· FFS: if multi-TB grant is enabled/supported



Using a multi-TB would mean that the same UE can transmit two different reports (e.g., one about temperature, and one about pollution level) with different periodicities (or same periodicity at different points in time) over the same or different “time-frequency” resources. The use case should be FFS for the moment, since it is needed to have a discussion first on how the UEs are going to be Multiplexed over PUR even for a single TB (recall that for being able to multiplex UE with different periodicities, the periods need to be multiples of each other). 
	Agreement
For dedicated PUR in idle mode, UL grant for HARQ retransmission is transmitted in MPDCCH search space
· FFS: Details on the search space (for example USS, CSS)



UEs multiplexed over dedicated PUR may have with same or different “PUR periods” (see Annex 1). Thus, the periodic uplink transmissions of several UEs over PUR will follow some sort of time division multiplexing as to avoid overlapping transmissions, which will make the downlink behave in a similar way. On this matter, since UEs having same and different “PUR periods” can be multiplexed in uplink it seems that a User Specific Search Space (USS) would be the best choice. 

	Agreement
For dedicated PUR in idle mode, upon successful decoding by eNB of a PUR transmission, the UE can expect an explicit ACK 
FFS: if ACK is sent on MPDCCH (layer 1) and/or PDSCH (layer 2/3)



For the FFS considering “if ACK is sent on MPDCCH (layer 1) and/or PDSCH (layer 2/3)” we need to keep in mind that any decision will eventually impact the DCI design, hence it is recommended to keep the FFS open until the discussions on PUR progresses a bit further. For example, if the sub-PRB framework is utilized by PUR, perhaps the Format 6-0A can be re-used which seems to have a way of indicating an ACK already in place.
	Agreement
For dedicated PUR in idle mode, upon unsuccessful decoding by eNB of a PUR transmission, the UE can expect
· an UL GRANT for retransmission on the MPDCCH, or  
· FFS: a NACK, or
· FFS: no explicit ACK 



[bookmark: _Toc1155944][bookmark: _Toc1155992]The decision here is related to the retransmissions handling, which should be made dynamic as to guarantee that they will be finished before the periodic transmission of new data. Hence, upon unsuccessful decoding by eNB of a PUR transmission, the UE can expect an UL GRANT for retransmission on the MPDCCH. 
2.2.4	Power control for Dedicated PUR
Having a valid TA is not enough to prevent the UE to interferer each other in idle mode, as the UL power also matters. Even for UEs that are (semi-)stationary, there are still chances that the UL situation changes over time. Therefore, the UE needs to determine a proper UL power before it uses the PUR resource to send data.  
Therefore, a target UL power level can be signalled the UE at the time the PUR resource configuration is allocated. The target UL power level is the preferred received power at the eNB, plus some tolerance. 
[bookmark: _Toc1155993]A target UL power level is signalled to the UE as part of the PUR configuration.
3	CFS PUR and CBS PUR in IDLE mode
In RAN1 #94bis, it was agreed that “In idle mode, dedicated PUR is supported”, while the “Support for CFS PUR” and the “Support for CBS PUR” remained as FFS.
3.1	CFS PUR
 The definitions of “CFS PUR” applicable for this Work Item objective was described as follows:
	Contention-free shared preconfigured UL resource (CFS PUR) is defined as an PUSCH resource simultaneously used by more than one UE
-	PUSCH resource is at least time-frequency resource
-	CFS PUR is contention-free 



[bookmark: _Hlk528442446]For supporting a Shared PUR scheme that is contention free, another dimension (e.g., code domain, spatial domain) needs to be added on top of the “time-frequency” dimensions to separate UEs that are simultaneously using the same PUSCH resource. Adding another dimension implies resolving first (i.e., on top of the PUR design itself) the set of technical issues associated to the Multiple-Access technique that provides a “Contention Free” shared scheme in idle mode. For example, if CDMA or MU-MIMO were used to introduce a “CFS PUR” scheme, it is foreseen that at least the following issues would have to be resolved first.
· CDMA
· Introduction of a code tree (e.g., binary Walsh code tree) with a careful selection of the branches as to keep orthogonality between UEs.
· Deal with the near-far problem in idle-mode
· The orthogonality requires that the maximum carrier frequency offsets (CFO) do not be large.

· MU-MIMO
· [bookmark: _Hlk528444741]Introduce unique DMRS(s) to distinguish between UEs transmitting in UL at the same time.
· Due to co-channel interference and the near-far problem, only BL/CE devices belonging to the same CE mode could be multiplexed (UE pairing).
· MU-MIMO adds network complexity, since the signals of spatial multiplexed users need to be separated at the receiving eNodeB with multiple antenna array.

[bookmark: _Toc1155072]For supporting CFS PUR another dimension (e.g., code domain, spatial domain) needs to be added, which implies having to resolve (i.e., on top of the PUR design itself) a set of technical issues associated to the Multiple-Access.
· [bookmark: _Toc1155073]CDMA
· [bookmark: _Toc1155074]Introduction of a code tree (e.g., binary Walsh code tree) with a careful selection of the branches as to keep orthogonality between UEs.
· [bookmark: _Toc1155075]Deal with the near-far problem in idle-mode.
· [bookmark: _Toc1155076]The orthogonality requires that the maximum carrier frequency offsets (CFO) do not be large.
· [bookmark: _Toc1155077]MU-MIMO
· [bookmark: _Toc1155078]Introduce unique DMRS(s) to distinguish between UEs transmitting in UL at the same time.
· [bookmark: _Toc1155079]Due to co-channel interference and the near-far problem, only BL/CE devices belonging to the same CE mode could be multiplexed (UE pairing issues).
· [bookmark: _Toc1155080]MU-MIMO adds network complexity, since the signals of spatial multiplexed users need to be separated at the receiving eNodeB with multiple antenna array.
3.2 Evaluation on CFS PUR
In RAN1 #95 a set of simulation assumptions were agreed to evaluate the potential benefits of a CFS PUR scheme based on MU-MIMO [2].
[bookmark: _Hlk956518]In [6], the performance of a number of UEs transmitting simultaneously over an equal number of PRBs was compared versus assigning a PRB to each of those UEs (e.g., 6 UEs transmitting simultaneously over 6 PRBs was compared versus 6UEs transmitting independently on its own PRB). Following the same logic, in this contribution the performance of 2 UEs transmitting simultaneously on 1 PRB was compared versus 1 UE transmitting on 6 subcarriers. Considering a TBS equal to 1000bits, the allocation of 10RUs, 1 repetition, using as a baseline the simulation setup agreed in [2], and assuming that the DMRS of the observed and the interferer UEs are perfectly orthogonal, the following set of evaluations were performed for comparison purposes.
· The performance of a UE transmitting on 12 subcarriers:
· Without having been interfered by another UE.
· After having been interfered by another UE, where the interference level is below the noise (interference-to-noise ratio (INR) = -10dB).
· After having been interfered by another UE, where the interference level is the same as the noise (INR = 0dB).
· After having been interfered by another UE, where the interference level is above the noise (INR = 3dB).
· After having been interfered by another UE, where the interference level is as strong as the signal of the other UE (INR = SNR).
· After having been interfered by another UE, where the interference level uniformly varies +/-5 dB with respect to the signal of the other UE.
· The performance of a UE transmitting on 6 subcarriers without having been interfered by another UE.

The results of the evaluations are shown in Figure 5.
[image: ]
Figure 5 Performance comparison of CFS PUR based on MU-MIMO versus Dedicated PUR.
From the evaluations depicted in Figure 5, the following can be concluded:
· For “CFS PUR based on MU-MIMO using a MMSE single user decoding” an increasing performance degradation is observed unless INR is < 0dB. However, in this case only one of the two UEs would be recoverable, because when the interferer takes the role of the observed UE and vice-versa, the interferer will be much stronger than the observed UE resulting in a poor performance. Moreover, in all cases when INR equals the SNR, a 10% BLER performance in never achieved (see purple curve in Figure 5).

The observed performance difference of “CFS PUR based on MU-MIMO (assuming perfect DMRS orthogonality)” versus” Dedicated PUR” is as follows:

· At 10% BLER, 1 UE transmitting on 6 subcarriers is ⁓0.4 dB better than a UE that was interfered by another when INR = -10dB.
· At 10% BLER, 1 UE transmitting on 6 subcarriers is ⁓2.8 dB better than a UE that was interfered by another when INR = 0dB.
· At 10% BLER, 1 UE transmitting on 6 subcarriers is ⁓4.6 dB better than a UE that was interfered by another when INR = 3dB.
· When the interference level is as strong as the signal of the other UE (INR = SNR), then there is an error floor (i.e., a 10% BLER performance can’t be achieved). The same holds when the interference level uniformly varies +/-5 dB with respect to the signal of the other UE.

[bookmark: _Toc1155081]In [6], the performance of a number of UEs transmitting simultaneously over an equal number of PRBs was compared versus assigning a PRB to each of those UEs (e.g., 6 UEs transmitting simultaneously over 6 PRBs was compared versus 6UEs transmitting independently on its own PRB). Following the same logic, the performance of 2 UEs transmitting simultaneously on 1 PRB was compared versus 1 UE transmitting on 6 subcarriers.
[bookmark: _Toc1155082]For “CFS PUR based on MU-MIMO using a MMSE single user decoding” an increasing performance degradation is observed unless INR is < 0dB. However, in this case only one of the two UEs would be recoverable, because when the interferer takes the role of the observed UE and vice-versa, the interferer will be much stronger than the observed UE resulting in a poor performance. Moreover, in all cases when INR equals the SNR, a 10% BLER performance in never achieved.
[bookmark: _Toc1155083]The observed performance difference of “CFS PUR based on MU-MIMO (assuming perfect DMRS orthogonality)” versus” Dedicated PUR” is as follows:
· [bookmark: _Toc1155084]At 10% BLER, 1 UE transmitting on 6 subcarriers is ⁓0.4 dB better than a UE that was interfered by another when INR = -10dB.
· [bookmark: _Toc1155085]At 10% BLER, 1 UE transmitting on 6 subcarriers is ⁓2.8 dB better than a UE that was interfered by another when INR = 0dB.
· [bookmark: _Toc1155086]At 10% BLER, 1 UE transmitting on 6 subcarriers is ⁓4.6 dB better than a UE that was interfered by another when INR = 3dB.
· When the interference level is as strong as the signal of the other UE (INR = SNR), then there is an error floor (i.e., a 10% BLER performance can’t be achieved). The same holds when the interference level uniformly varies +/-5 dB with respect to the signal of the other UE.

3.2	CBS PUR
In idle mode, dedicated PUR is supported.
	Contention-based shared preconfigured UL resource (CBS PUR) is defined as an PUSCH resource simultaneously used by more than one UE
-	PUSCH resource is at least time-frequency resource
-	CBS PUR is contention-based (CBS PUR may require contention resolution)



For supporting a Shared PUR scheme that is contention based, there is no need of adding another dimension (e.g., code domain, spatial domain) since the network can pre-allocate a number of “time-frequency PUSCH resources”, from which a UE can randomly select one of them to perform its UL transmission, this under the understanding that other UE(s) may have selected the exact same resource which would lead to a collision. For CBS PUR, normally the number of UEs that the network can support would have to be rather low as to guarantee low collision rate.
[bookmark: _Toc1155087]For CBS PUR, the network can pre-allocate a number of “time-frequency PUSCH resources”, from which a UE can randomly select one of them to perform its UL transmission. For this kind of schemes, the number of UEs that the network can support would have to be rather low as to guarantee a low collision rate.
Conclusion
In the previous sections we made the following observations for PUR transmissions in IDLE mode:

Observation 1	When more than one TA validation mechanism is being used, it needs to be clarified whether the TA should be declared as invalid as soon as any of the TA validation mechanisms result in a validation criterion that is no longer met.
Observation 2	When a TA validation test has failed and there is data to be transmitted, RAN1 has discussed two possibilities: 1.- Performing a fallback to either Rel-13/Rel-14 random access procedures or Rel-15 EDT, or 2.- the UE may transmit Msg1 to receive an updated TA via Msg2. However, even if a light version of Msg2 (e.g., carrying only TA) were transmitted, the signaling overhead would be comparable with the one of EDT.
Observation 3	When TA is invalidated and there is NO data to be transmitted, an immediate attempt to update the TA would trigger a signaling exchange,  however the TA validation test may be invalid again (and again) without having had yet the need of transmitting UL data, the accumulated overhead would be significant and with no use. Thus, even if a TA validation test has failed it is better wait until there is a need for transmitting data to perform a fallback to legacy RACH/EDT.
Observation 4	During RAN1 #95, some companies mentioned that a “Cell specific indication where TA is valid within that cell” can be achieved by including the value of “Infinity” into the set of configurable values of other TA validation mechanisms. However, if it were coupled to a TA validation mechanism that was not configured, then we would be losing not only one but two TA validation mechanisms at the same time. Moreover, there is no agreement and no guarantee that the value of “infinity” is going to be included as part of the set of values used by other TA validation mechanisms.
Observation 5	It needs to be clarified how the actual dedicated PUR transmission in idle mode is to be performed, which can be based on a Rel-15 EDT-like transmission skipping Msg1 and Msg2 to reduce the signalling overhead, provide power savings, and a reduced latency.
Observation 6	One fundamental aspect for PUR is assessing how will the network know what to configure for a given UE. This can be possibly done by using UE differentiation information, some sort of machine learning approach, or based on information provided by the UE (i.e., a UE’s PUR allocation request), and it is not appropriate to say that the information from one source is more reliable than some other one (e.g., UE over operator, or vice versa).
Observation 7	The network uses and possibly combines the sources of information it has available (even combined with a proprietary solution) to determine a proper PUR configuration. The sources of information (either UE differentiation information, UE’s PUR allocation request) are optionally configurable.
Observation 8	The “PUR period” should not be too long as to avoid that the signalling overhead reduction gains will vanish, and at the same time the “PUR period” should not be too short as to avoid that transmissions occurring too often block other UEs. The “PUR period” needs to be carefully chosen perhaps encompassing seconds, minutes and days (or even only minutes and days).
Observation 9	For PUR, the UE may skip the UL transmissions. On this matter, for preventing a potential waste of resources, a “PUR retrieve resource timer/counter” can be considered to configure the number of “PUR periods” with no activity upon which the PUR resources will be retrieved by the network. A value equal to one will retrieve the resources upon observing that one UL transmission was skipped. The upper limit for the allowed number of skipped transmissions should be rather low (e.g., <= 8) as to prevent resource wasting. These aspects are required to be studied in RAN2, and any view RAN1 may have needs to be confirmed by RAN2.
Observation 10	For supporting CFS PUR another dimension (e.g., code domain, spatial domain) needs to be added, which implies having to resolve (i.e., on top of the PUR design itself) a set of technical issues associated to the Multiple-Access.
	CDMA
o	Introduction of a code tree (e.g., binary Walsh code tree) with a careful selection of the branches as to keep orthogonality between UEs.
o	Deal with the near-far problem in idle-mode.
o	The orthogonality requires that the maximum carrier frequency offsets (CFO) do not be large.
	MU-MIMO
o	Introduce unique DMRS(s) to distinguish between UEs transmitting in UL at the same time.
o	Due to co-channel interference and the near-far problem, only BL/CE devices belonging to the same CE mode could be multiplexed (UE pairing issues).
o	MU-MIMO adds network complexity, since the signals of spatial multiplexed users need to be separated at the receiving eNodeB with multiple antenna array.
Observation 11	In [6], the performance of a number of UEs transmitting simultaneously over an equal number of PRBs was compared versus assigning a PRB to each of those UEs (e.g., 6 UEs transmitting simultaneously over 6 PRBs was compared versus 6UEs transmitting independently on its own PRB). Following the same logic, the performance of 2 UEs transmitting simultaneously on 1 PRB was compared versus 1 UE transmitting on 6 subcarriers.
Observation 12	For “CFS PUR based on MU-MIMO using a MMSE single user decoding” an increasing performance degradation is observed unless INR is < 0dB. However, in this case only one of the two UEs would be recoverable, because when the interferer takes the role of the observed UE and vice-versa, the interferer will be much stronger than the observed UE resulting in a poor performance. Moreover, in all cases when INR equals the SNR, a 10% BLER performance in never achieved.
Observation 13	The observed performance difference of “CFS PUR based on MU-MIMO (assuming perfect DMRS orthogonality)” versus” Dedicated PUR” is as follows:
	At 10% BLER, 1 UE transmitting on 6 subcarriers is ⁓0.4 dB better than a UE that was interfered by another when INR = -10dB.
	At 10% BLER, 1 UE transmitting on 6 subcarriers is ⁓2.8 dB better than a UE that was interfered by another when INR = 0dB.
	At 10% BLER, 1 UE transmitting on 6 subcarriers is ⁓4.6 dB better than a UE that was interfered by another when INR = 3dB.
Observation 14	For CBS PUR, the network can pre-allocate a number of “time-frequency PUSCH resources”, from which a UE can randomly select one of them to perform its UL transmission. For this kind of schemes, the number of UEs that the network can support would have to be rather low as to guarantee a low collision rate.
 
Based on the discussion in the previous sections we propose the following:
Proposal 1	The TA is declared as invalid, if any of the TA validation mechanisms being used result in a validation criterion that is no longer met.
Proposal 2	When TA is invalidated and there is data to be transmitted, either Rel-13/Rel-14 random access procedures or Rel-15 EDT  is used, and the pre-configured uplink resources are retrieved by the network.
Proposal 3	When TA is invalidated and there is no data to be transmitted, the UE waits until there is data to be transmitted to perform a fall-back to legacy RACH/EDT to transmit the UL data and update the TA.
Proposal 4	The “stationary indication” is supported for making use of it when the network happens to support “Subscription based UE differentiation” (i.e., “Subscription based UE differentiation” is not a requisite for supporting PUR)
Proposal 5	The “Cell specific indication where TA is valid within that cell” is supported by signalling to the UE that the TA can always be considered as valid.
Proposal 6	After passing the TA validation criteria, the UE transmits on dedicated pre-configured UL resources using an EDT-like transmission skipping Msg1 and Msg2 (i.e., the dedicated PUR transmission is performed directly on “Msg3”).
Proposal 7	A transmission over PUR is composed of a “PUR duty cycle” (effective UL Transmission on PUR) and a “PUR period” (effective UL Transmission on PUR + inactivity on PUR).
	The “PUR duty cycle/PUR transmission duration” accounts for the number of allocated RUs, RU lengths, and repetitions.
	The “PUR period” configuration is composed of two elements:
o	A configurable variable used to indicate the “number of granted PUR periods” (i.e., it indicates the total number of transmission shots)
o	A “PUR period duration” determined by reusing the fundamental LTE counters (i.e., Subframe Number, SFN and HFN) as well as a power of two factor for the purpose of multiplexing UE with no overlapping.
Proposal 8	Introduce a “PUR retrieve resource timer/counter” to configure the number of “PUR periods” with no activity upon which the PUR resources will be retrieved (the configurable values include one, and a rather low upper limit).
Proposal 9	Dedicated PUR supports the same or a subset of the TBS(s) and MCS(s) and the same DMRS(s) as defined for sub-PRB.
Proposal 10	Dedicated PUR supports a re-occurring PUR configuration for deterministic data traffic, and a request per transmission (one-shot PUR) for both regular and irregular data traffic.
	Re-occurring resource: The same PUR resource configuration (i.e., same “PUR duty cycle”, “PUR period”, TBS, MCS, etc) is used recurrently.
	Request per data transmission (one-shot PUR): The first transmission makes use of a predefined PUR configuration, and subsequent transmissions may use the same or a different PUR resource configuration (e.g., different “PUR duty cycle”, “PUR period”, TBS, MCS, etc).
Proposal 11	A target UL power level is signalled to the UE as part of the PUR configuration.
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A.1	UEs which transmission duration is the same and have the same transmission periodicity
Several UEs can be multiplexed without risk of collision if they are configured with same ”PUR Duty cycles” and same ”PUR periods”. Note that the “PUR Duty cycles” can remain the same even if the information provided to the UE as part of the UL grant (i.e., number of allocated subcarriers, number of allocated RUs, number of repetitions) is different as illustrated in Figure A1.
 
[image: ]
Figure A1 UEs which transmission duration is the same and have the same transmission periodicity.
Grouping UEs having same “PUR period” and “PUR periodicity” reduces the scheduler complexity and is free of collisions.
A.2	UEs which transmission duration is different and have the same transmission periodicity
Several UEs can be multiplexed without risk of collision if they are configured with different ”PUR Duty cycles” but same ”PUR periods” as depicted in Figure A2.
[image: ]
Figure A2 UEs which transmission duration is different and have the same transmission periodicity.
A.3	UEs which transmission duration is the same and have different transmission periodicities
Several UEs can be multiplexed without risk of collision if they are configured with same ”PUR Duty cycles” and different ”PUR periods” as long as the ”PUR period” of the new scheduled UE has a longer length that is a multiple of previously scheduled ”PUR periods”.
[image: ]
Figure A3 UEs which transmission duration is the same and have different transmission periodicities.
A.4	UEs which transmission duration is the different and have different transmission periodicity
Similarly, several UEs can coexist without risk of collision if they are configured with different ”PUR Duty cycles” and different ”PUR periods” as long as the ”PUR period” of the new scheduled UE has a longer length that is a multiple of previously scheduled ”PUR periods”.
[image: ]
Figure A4 UEs which transmission duration is the same and have different transmission periodicities.
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